Background: Oral health is one of the most important issues for disaster survivors. The aim of this study was to determine post-disaster distribution of oral health-related quality of life (OHRQoL) and related factors in survivors of the Great East Japan Earthquake and Tsunami. Methods: Questionnaires to assess OHRQoL, psychological distress, disaster-related experiences, and current systemic-health and economic conditions were sent to survivors over 18 years of age living in Otsuchi, one of the most severely damaged municipalities. OHRQoL and psychological distress were assessed using the General Oral Health Assessment Index (GOHAI) and the Kessler Psychological Distress Scale (K6), Japanese version, respectively. Among 11,411 residents, 1,987 returned the questionnaire (response rate, 17.4 %) and received an oral examination to determine number of present teeth, dental caries status, and tooth-mobility grade, and to assess periodontal health using the Community Periodontal Index. Relationships between GOHAI and related factors were examined by nonparametric bivariate and multinomial logistic regression analyses using GOHAI cutoff points at the 25 th and 50 th national standard percentiles.
Background
On March 11, 2011, a huge earthquake (the Great East Japan Earthquake) with a measured magnitude of 9.0 was followed by a giant tsunami, which struck the northeastern part of Japan facing the Pacific Ocean. This disaster resulted in catastrophic damage to numerous towns and cities. Many administrative and medical functions in the affected communities were lost and most survivors were forced to live in shelters or temporary accommodations for long periods of time [1] .
Oral health is important for eating, communication, and the comfort of survivors. However, water and food supplies, privacy for grooming, oral health care goods as well as other sanitary conditions were insufficient after the disaster [2] . Such substandard living conditions following the disaster likely reduced the oral health status of almost everyone. Therefore, it is essential to identify victim populations with poor oral health-related quality of life (OHRQoL) and provide them with adequate supports.
Previous research in ordinary times presented the risk factors for poor OHRQoL as objectively assessed oral conditions including "low number of teeth" [3] [4] [5] [6] [7] [8] and "high number of decayed teeth" [5] [6] [7] . Other than oral-related issues, significant factors are reported to include age [6] , female sex [7] , certain markers of social status such as "low income" [6] and "low education levels" [3, 8] , and low self-rating of general health [3, 5, 6, 8] . In addition to these factors, many survivors had unusual experiences affecting oral health such as lost or fractured dentures and interrupted dental treatment due to loss of their home dentists. Furthermore, psychological distress might be related to OHRQoL of disaster survivors because OHRQoL includes psychosocial aspects and psychological problems, both of which were prevalent in survivors of the Great East Japan Earthquake and tsunami [9] .
However, at present, there are very few studies on postdisaster surveys of oral health, especially OHRQoL, using measurable scales [2, [10] [11] [12] . Therefore, 9 months after the Great East Japan Earthquake and tsunami, we conducted a questionnaire survey that included an OHRQoL measure, a psychological distress measure, and questions on disaster-related experiences as well as clinical surveys of survivors. The primary aim of the present study was to assess OHRQoL among survivors of the disaster. The secondary aim was to examine factors related to OHRQoL in disaster-affected areas.
Methods

Characteristics of the survey area
This survey was carried out in the town of Otsuchi, located on the Pacific Coast of Iwate Prefecture, which had suffered some of the most severe damage from the Great East Japan Earthquake and tsunami. Before the disaster, the main industries in Otsuchi were fisheries and fishery-related businesses such as processing and services. On March 11, 2011, the tsunami inundated primary administration, commerce, sightseeing, and inhabitable areas that were located primarily along the coastline. Because dental facilities were exclusively located in this area, all six dental offices in the town were destroyed. At the time of our survey, a temporary dental clinic had been established to provide dental services. The 2010 predisaster population of Otsuchi was 15,300. According to administrative records, the total number of dead and missing in the disaster was 1,311 (8.6 % of population).
Study design and population
This was a cross-sectional study using questionnaire and clinical surveys performed in December 2011, 9 months after the disaster. At the time of the survey, we were uncertain of the post-disaster population due to various factors, including unconfirmed numbers of dead, missing, or relocated residents; therefore, we sent out notices of our health survey and questionnaire to all 11,411 residents aged 18 years or older based on the provisional figures available. Our survey was performed as part of a comprehensive health survey of survivors of the Great East Japan Earthquake and tsunami [9] . Furthermore, the comprehensive survey was done simultaneously with a health check-up examination that the town government performed as a public health service. Among 2,172 residents who received the town health check-up, 2,085 agreed to participate in the comprehensive survey. Thereafter, 74 declined to participate in the oral health examination. Among 2,001 participants in the oral health examination, we excluded 13 whose General Oral Health Index (GOHAI) score was missing. Finally, 1,987 participants (764 men and 1,223 women; mean age ± SD, 62.9 ± 14.1 and 60.4 ± 14.5 years, respectively) were the subjects in this study. Because Otsuchi consists of several smaller and geographically separate communities, to facilitate easy access, 11 health check-up venues were set up during the 15-day clinical survey period (December [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] 2011) . At each venue's health check-up reception area, we obtained participants' informed consent to participate in our study.
The study protocol was approved by the Medical Ethics Committee of Iwate Medical University (H23-69) and conducted in accordance with the guidelines of the Declaration of Helsinki.
Data collection
Self-reported data
We sent out a questionnaire and notice of our health survey to residents, and requested that they complete the questionnaire and bring it to their health check-up examination, at which time a trained interviewer was available to obtain more complete answers to any insufficient questionnaire responses.
We assessed OHRQoL using the Japanese version of the GOHAI [3, 4] , which was originally developed for the elderly and called the Geriatric Oral Health Assessment Index. More recently, it is also known as the General Oral Health Assessment Index to reflect its applicability to younger age groups [5, 6, 13] . The GOHAI consists of 12 items measuring the degree of limitation in three domains: "physical function," "pain and discomfort," and "psychosocial function." [14] The summary score of all 12 items ranges from 12 to 60 and represents an individual's OHRQoL, with high summary scores indicating good OHRQoL.
We assessed psychological distress using the Kessler Psychological Distress Scale (K6), Japanese version [15, 16] . This questionnaire consists of six items measuring mental health on a 5-point Likert scale and asks respondents how often during the preceding 30 days they had felt (1) so sad that nothing could cheer them up; (2) nervous; (3) restless or fidgety; (4) hopeless; (5) worthless; and (6) that everything was an effort. Each item is scaled from 0 (none of the time) to 4 (all of the time). The total score of psychological distress is assessed by totaling the six item scores and ranges from 0 to 24. Contrary to the GOHAI, a high K6 score would indicate a low level of mental health (psychological distress). Based on previous studies, respondents with serious psychological distress (SPD) were identified by a score of 13 or higher [9, [15] [16] [17] [18] [19] [20] [21] .
We created a questionnaire to obtain data on residents' disaster-related experiences as well as their current systemic health and economic condition. In the questionnaire, respondents provided their current and pre-disaster residential addresses. If these differed, we categorized these respondents as having been evacuated from their home. Next, respondents were asked about interruption in dental treatment that they were receiving before the disaster. Answer choices were (1) "no dental treatment was being received before the disaster," (2) "treatment was not interrupted," (3) "treatment was interrupted and has resumed at the original dental clinic," (4) "treatment was interrupted and has resumed at another dental clinic," and (5) "dental care remains interrupted." However, because we found no difference in GOHAI scores between choices (4), (5) , and (6), we recategorized the choices for later analysis as follows: (1) "no dental treatment was being received before the disaster," (2) "treatment was not interrupted," and (3) "treatment was interrupted." Next, we assessed the disaster's impact on denture use according to the following criteria: (1) "did not wear dentures," (2) "no disaster-related damage to dentures," and (3) "disaster-related lost or fractured dentures." Furthermore, we asked respondents for their self-rated systemic-health condition using four choices (very poor, poor, fair, or good) and current economic status also using four choices (very severe, severe, slightly severe, or normal). Based on their answers, we divided participants into three groups for selfrated systemic health (poor, fair or good) and two groups for economic status (severe, normal) in our analyses.
Clinical data
Oral examinations were performed by 4-6 skilled dentists per an examination day from Iwate Medical University School of Dentistry. All of them participated in preliminary meetings for this survey and received training for consistency in the assessments. Dental caries status was assessed according to the World Health Organization (WHO) method. In brief, examiners inspected each participant's tooth under artificial lighting and recorded each tooth as sound, decayed, filled, or missing. Some modifications were made to the WHO method as follows: (1) a tooth with treated or untreated root caries was recorded as a filled or decayed tooth, and (2) a remaining root without a crown was counted as a present tooth. Periodontal conditions were assessed using the Community Periodontal Index (CPI) whose procedures and diagnostic criteria were also recommended by the WHO [22] . Briefly, using a special probe, examiners assessed three indicators of periodontal status: gingival bleeding, calculus, and periodontal pockets. Participants were divided by five codes of indextooth severity (i.e., code 0 = healthy; code 1 = bleeding observed after probing the gingival sulcus; code 2 = calculus detected during probing; code 3 = periodontal pocket (4-5 mm); code 4 = periodontal pocket (6 mm or deeper). In addition, tooth-mobility grade based on CPI index teeth was recorded using Miller's classification (i.e., 0 = normal mobility; grade 1 = slightly [<0.2 mm horizontal movement]; grade 2 = moderately [1-2 mm horizontal movement]; grade 3 = severe mobility [> 2 mm horizontal or any vertical movement]) [23] .
Statistical analysis
Because GOHAI scores were non-normally distributed, we used nonparametric tests for all analyses. For comparisons between our participants and comparisons with Japanese national standard scores by 10-year age groups, we used one-sample median tests. Simultaneously, we examined differences in GOHAI scores by age group using the Kruskal-Wallis test followed by multiple comparisons using the Mann-Whitney U test with Bonferroni correction. We also divided participants into three age groups (50, 50-69, and ≥ 70 years) for further factor analyses. First, we compared GOHAI according to participants' characteristics obtained by questionnaire and clinical examination, using the Mann-Whitney U test to compare two groups, and the Kruskal-Wallis test to compare three or more groups. When the Kruskal-Wallis test revealed significant differences, we conducted multiple comparisons using the Mann-Whitney U test with Bonferroni correction. Next, we divided GOHAI scores into three ranges using 25 th (48.7 points) and 50 th (55 points) percentiles of the national standard score, which was determined using data on 3,283 subjects from 26 dental facilities located in widely different areas of Japan in 2006 [3, 4, 24] . Therefore, we identified participants with GOHAI scores ranging from 49 to 54 as individuals with poor OHRQoL and those with GOHAI scores of 48 or less with very poor OHRQoL. Against the reference group (GOHAI ≥ 55), we assessed measurement risks by multinomial logistic regression models, and those independent variables were adjusted for each variables. In the multiple models based on single correlation analyses, "interruption of dental treatment" and "CPI code" were recategorized as the binary variables "receiving dental treatments before disaster (0 = no; 1 = yes)" and "CPI code 4 (0 = no, yes = 1)." Two-sided p-values less than 0.05 were considered statistically significant. All statistical analyses were conducted using the software program SPSS version 19.0 for Windows (IBM).
Results
GOHAI score distribution Table 1 shows numbers of subjects by age and sex. In this study, subjects represented 17.3 % of the total population. The sex ratio (male/female) of participants was 0.62, which was significantly lower than the sex ratio of 0.82 in the total population (p < 0.01 by Chi-squared test). Table 2 summarizes GOHAI-score distributions by 10-year age groups compared with the national standard in Japan. The Kruskal-Wallis test revealed a significant difference in average rank of GOHAI score by subject's age group. The lowest score was in the 50-59-age group and the next lowest score was in the 60-69-age group. Post hoc multiple comparisons using the Mann-Whitney U test with Bonferroni correction showed that these two groups exhibited significantly lower scores than the other age groups. Those groups as well as the 40-49-age group showed a significantly lower median score than the national standard. In contrast, the median of the 70-79-age group was significantly higher than the national standard. We conducted the following factor analysis in the respective age groups divided as follows: < 50 years, 50-69 years, and ≥ 70 years. Figure 1 presents histograms of GOHAIscore distributions by the three age groups, and every non-normal GOHAI distribution was confirmed by onesample Kolmogorov-Smirnov tests (all p < 0.001).
Bivariate relationships of GOHAI scores with measurements Relationship between GOHAI score and sex, age and self-reported data
There were significant differences in GOHAI score by all assessed items (Table 3) . Subsequent multiple comparisons were carried out for "age," "interruption of dental treatment," "lost or fractured dentures," and "self-rated systemic health." As a result, the 50-69-age group was found to have significantly lower GOHAI score than the other two groups. Among the three response groups for "interruption of dental treatment," respondents of "no dental treatment was being received before the disaster" had significantly higher GOHAI scores than the other two groups, whereas we found no difference between respondents of "treatment was not interrupted" and "treatment was interrupted and has resumed at the original dental clinic." For "lost or fractured dentures," those who responded "yes" had significantly lower GOHAI scores than the other groups. As for "self-rated systemic health," those whose self-rating was "good" had significantly higher GOHAI scores than the other two groups. In addition, Significantly lower median than national standard (p = 0.016) Fig. 1 GOHAI score distributions separated by three age groups expressed as histograms. Bar indicates number of participants (gray square men, white square women). Mean (SD) GOHAI score in each age class was as follows: 53.1 (7.5) for < 50 years, 51.0 (8.8) for 50-69 years, and 52.8 (7.9) for > 70 years those whose self-rating was "fair" had higher GOHAI scores than those whose self-rating was "poor."
Relationship between GOHAI scores and current oral conditions
We also found significant differences in all measurements of assessed oral health conditions (Table 4 ). In subsequent multiple comparisons, subjects with 1-19 teeth had significantly lower GOHAI scores than other subjects, whereas we found no difference between edentulous subjects and subjects with 20 or more teeth. GOHAI scores of subjects with CPI code 4 were significantly lower than those of subjects with CPI code 0-2 and subjects with no index teeth. Furthermore, subjects with moving teeth at grade 2 or 3 had significantly lower GOHAI scores than the other subjects.
Multinomial logistic regression of OHRQoL
Multinomial logistic regression analyses were performed for 1,964 subjects without any missing values. In the discrimination models for OHRQoL levels, "sex," "evacuation from home," "economic status," and "CPI code 4," we found no significant adjusted odds ratio (AOR) for both poor and very poor OHRQoL status. As Table 5 shows, variables significantly related to both very poor and poor OHRQoL status, respectively, were "receiving dental treatments before disaster" (AOR, 2.13; 95 % confidence interval (CI), 1. 
Discussion
This is the first study to adapt the GOHAI to survivors of a huge disaster. We found that GOHAI score was significantly lower in all participants compared with the median national standard score. By 10-year age group, The last row shows the reference category for each explanatory variable GOHAI scores were significantly lower in the 40-49-, 50-59-and 60-69-age groups in this study compared with the national standard scores. Furthermore, GOHAI scores were significantly lower in the 50-59-and 60-69-age groups than in the other 10-year age groups in this study (Table 2) . After dividing participants into three age groups, GOHAI score was found to be significantly lower in the 50-69 age group than in the other age groups by bivariate and multivariate analyses (Tables 3  and 5 ). Some earlier studies using the GOHAI Japanese version, as in the present study, have reported no remarkable age-related differences in scores [3] [4] [5] . Hence, the lower GOHAI score of disaster survivors particularly among the upper-middle age group, might be characteristic of victims from a disaster area. As one of the reasons, we speculate that these participants, as the head of their family, were forced to spend most of their time doing extraordinary things to survive after the disaster. Consequently, they could not take care of their own oral health.
For multinomial logistic regression of the GOHAI, we used 25 th and 50 th percentiles of the national standard as cutoff values. Previous studies have used several cutoff points for discrimination of low GOHAI groups. To assess dental care needs in ordinary times, relatively high cutoff points were previously used (54 to 58 points) [5, 8, 25] , whereas researchers who attempted to identify subjects with high dental needs or to survey diabetes patients used low 25 th percentile scores (40 or 44 points) as cutoff values [7, 26] . To identify residents with both very poor and poor OHRQoL status, we used two cutoff values, those at the 25 th and 50 th percentiles of the national standard, respectively. As a result, no measurement was exclusively related to a poor level of OHRQoL. On the contrary, "age," SPD, "number of present teeth," and "having one or more moving teeth at grade 2 or 3" exclusively showed a significant AOR versus the very poor OHRQoL level (Table 5 ). These findings suggest that the 25 th percentile we used is a suitable cutoff value to survey OHRQoL of residents in a disaster victim area.
Results of the questionnaire survey indicated that disaster-related experiences concerning oral health problems such as "receiving dental treatments before disaster" and "lost or fractured dentures" degraded OHRQoL levels. Both relationships with OHRQoL were naturally expected because the subjects who had received dental treatment before the disaster or who were deprived of their dentures had high dental needs, especially under conditions of scarce dental resources. Although our survey was carried out 9 months after the disaster, 70 % of participants with lost or fractured dentures had already had them restored or repaired primarily by temporary dental care services set up for tsunami victims. However, their GOHAI scores did not differ from those participants whose dentures were not restored or repaired (data not shown). Removable dentures usually require periodic adjustments. Kivovics et al. reported that 87 % of complete new dentures required at least one adjustment [27] . In addition, Veyryne et al. showed that GOHAI scores of subjects who received new prostheses showed improvement after 12 weeks even in ordinary times [28] . Thus, scarce dental resources after a disaster can limit adequate adjustments after denture re-restoration or repair and continue to suppress OHRQoL levels in disaster areas. The need for continuous dental care support was suggested by our results showing no difference in GOHAI scores between those whose dental treatments were interrupted and those whose treatments were not interrupted (Table 3) , which also indicates insufficient post-disaster dental care. Thus, continuous dental care appears to be needed for people in disaster areas.
The objectively assessed oral conditions found to be related to a very low GOHAI score were "number of present teeth" and "having one or more decayed teeth," which agreed with several previous studies [1] [2] [3] [4] [5] [6] 29] . Although the relationship between tooth mobility and OHRQoL has been rarely reported, Ng and Leung reported the relationship between self-reports of "having drifting teeth" and OHRQoL measured by the Oral Health Impact Profile (OHIP-14) [30, 31] . The OHIP-14 mean score, where a high score indicates low OHRQoL, was remarkably higher in subjects who reported "having drifting teeth" than those who did not, although the difference was not significant. People are naturally expected to easily perceive tooth mobility as an oral health problem. In contrast, "CPI code 4" did not show a significant AOR with very poor OHRQoL levels, although a significant crude odds ratio was observed (Table 5) . A tooth recorded as CPI code 4 would be likely to show a high grade of mobility, which might have confounded the two measures. In addition, as Zaitsu et al. previously indicated [5] , CPI criteria consisting of bleeding on probing, dental calculus, and periodontal pockets might be difficult for the general public to recognize. Thus, tooth mobility might be a more sensitive measure to assess OHRQoL than the examination using CPI.
Multinomial analyses showed that "self-rated systemic health" and SPD was significantly related with very poor OHRQoL among measures other than oralrelated issues. It is interesting that OHRQoL levels were associated with health domains more strongly than socioeconomic aspects such as "evacuation from home" and "economic status." Relationship of OHRQoL with "self-rated systemic health" as well as "socioeconomic status" has been reported [3, 5, 6, 8] in ordinary situations. Whereas the association between oral health status and psychological problems was unclear, a few studies have suggested the relationship [21, 32, 33] . However, our results clearly indicate that a relationship exists. The experience of disaster followed by substandard living conditions might lead to various levels of impact according to survivors' mental and physical properties. Compared with physical and mental problems, social problems would not be a concern because many victims lived together under similar circumstances no matter how terrible it was. Hence, we supposed that the great impact of a disaster on both mental and physical health, including oral health, accounted for the clearly observed relationship between mental and oral health status.
This study had several limitations. First, our participants were not probability samples because they voluntarily participated in systemic-health check-up services conducted by the town government. Furthermore, the proportion of young and male participants was relatively low because such survivors who had some form of employment at the time were probably unable to join our study. Nevertheless, we believe our participants represented all residents to a noteworthy degree because their number exceeded the required numbers with 95 % confidence and a 5 % margin of error for both men and women (764 vs. 359 for men, and 1,223 vs. 361 for women). Second, oral examinations were performed by multiple examiners under trying conditions at facilities in the disaster area. This might result in greater interobserver variability than under ordinary conditions. Third, being a cross-sectional study, it necessarily lacked data from the affected region before the disaster, although we expect to provide supplemental data in a follow-up study. Finally, whether our findings are specific to a disaster area or not remains unclear given the lack of comparison data for nondisaster situations. However, we consider our results valuable for identifying relative post-disaster risks of oral health because we mainly analyzed internal correlates in a group of survivors.
Conclusion
OHRQoL of survivors living in a victim area was lower than the national standard, especially in the 50-69-age group. Their OHRQoL was reduced by objectively worse oral condition and negatively perceived systemic health condition, which were also observed in ordinary times. In addition to these factors, disaster-related oral problems, such as being deprived of dentures and dental treatment that had existed before the disaster, remarkably degraded their OHRQoL levels. Furthermore, SPD was also associated with OHRQoL, which suggests that disaster experiences have a great negative impact on both oral and mental health conditions. Our study strongly indicates that continuous dental care support as well as mental health care is needed for survivors of a huge disaster. 
